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Abstract
Deviations from the standard model prediction have been observed not only in b → c charged current
interactions but also in b → s flavor changing neutral current interactions. In particular, the deviation
observed in the measured ratio of branching fractions RD = B(B → Dτν)/B(B → D l ν) and RD∗ =
B(B → D∗τν)/B(B → D∗ l ν), where l = (e, µ), is more pronounced and the combined excess currently
stands at 3.9σ level. If it persists and confirmed by future experiments, it would be a definite hint of new
physics. In this context, we consider Bc → ηc l ν and Bc → J/Ψ l ν decays mediated via b→ c l ν charged
current interactions and employ the most general effective Lagrangian in the presence of new physics to give
prediction on various observables such as ratio of branching ratio, tau polarization fraction, and forward
backward asymmetry for these decay modes.
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I. INTRODUCTION
Although, no direct evidence of new physics has been reported so far, there still exists some
discrepancies with the standard model (SM) prediction. In particular, deviations from the SM ex-
pectation in both charged current b→ cτν transitions as well as neutral current b→ s ll¯ transitions
have been observed in various measurements. The decays B → (D, D∗)τν and the lepton flavor uni-
versality ratios RD and RD∗ have been studied by BABAR [1, 2], BELLE [3–5], and LHCb [6] exper-
iments. Various measurements of RD and RD∗ are collected in Table. I. The first unquenched lattice
Experiments RD∗ RD
BABAR 0.332 ± 0.024 ± 0.018 0.440 ± 0.058 ± 0.042
BELLE 0.293 ± 0.038 ± 0.015 0.375 ± 0.064 ± 0.026
BELLE 0.302 ± 0.030 ± 0.011
LHCb 0.336 ± 0.027 ± 0.030
BELLE 0.276 ± 0.034+0.029−0.026
AVERAGE 0.310 ± 0.015 ± 0.008 0.403 ± 0.040 ± 0.024
TABLE I: Current status of RD and RD∗ [7].
determination of the ratio of branching ratio RD = 0.299± 0.011 [8] was reported by FNAL/MILC
collaboration which is in excellent agreement with the the value of RD = 0.300± 0.008 [9] reported
by HPQCD collaboration. In Ref. [10], the authors obtain RD = 0.299 ± 0.003 by combining the
two lattice calculations, with the experimental form factor of the B → D l ν from BABAR and
BELLE. The result is compatible with the results above, but more accurate. The FLAG working
group combine the two lattice calculations and report the value of RD to be 0.300±0.008 [11]. The
SM prediction for RD∗ is 0.252 ± 0.003 [12]. At present, the deviation of the measured values of
RD and RD∗ from the SM expectation exceeded by 2.2σ and 3.4σ respectively [7]. Considering the
RD-RD∗ correlation, the difference with the SM predictions currently stands at about 3.9σ [7]. For
theoretical implications of these anomalies, we refer to Refs. [12–54] and references therein. Very
recently, the first measurement of the tau polarization fraction PD
∗
τ = −0.44±0.47+0.20−0.17 in the decay
B → D∗τν was reported by BELLE [5].
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Bc meson, a pseudoscalar ground state composed of two heavy quarks b and c, first observed
by CDF collaboration in pp¯ collisions [55], has a promising prospect on the hadron colliders as
around 5 × 1010 Bc events per year are expected at LHC experiments [56, 57]. Being composed
of two heavy quarks, Bc meson has the unique ability to decay via both b and c quark. Although
the b decays are cabbibo suppressed, the charm quark decays, however, are cabbibo favored decays
as the CKM matrix element Vcs = 1 is much larger than Vcb = 0.04. The estimates of the Bc
total decay width indicate that the c quark transitions provide the dominant contribution while
the b quark transitions and weak annihilation contribute less. The c quark decays provide around
70% to the total decay width of Bc meson [56]. Although an indirect constraint can be imposed
on various new physics (NP) from the experimentally measured total decay width of Bc meson,
however, measurement of various taunic decays of Bc meson in future will give direct access to the
beyond the SM physics. The mean lifetime of Bc meson τBc = 0.52
+0.18
−0.12 ps in the SM, calculated
using operator product expansion and non relativistic QCD [58–60], is consistant with the measured
mean lifetime τBc = 0.507(8)ps [61]. One can infer from this calculation that no more than 5% of
the total decay width of Bc meson can be explained by the semi(taunic) decays of Bc meson. This
was confirmed by various other SM caculations as well [62, 63]. The constraint, however, can be
relaxed upto around 30% depending on the value of the total decay width of Bc meson that is used
as input for the SM calculation of various partonic transitions.
The Bc meson and its decays have been widely studied in the literature [64–86]. The decays
Bc → (J/Ψ, ηc) l ν are mediated via b → c l ν transitions and, in principle, NP effects might enter
into these decay modes as well. The SM prediction of these decay modes are already studied by
various authors [65–68, 70, 75, 76, 79, 84–86]. Earlier discussions, however, have not looked into
possible NP effects in these decay modes. In this study, we wish to study systematically the effect of
NP couplings on various observables such as ratio of branching ratios, forward backward asymmetry,
and τ polarization fraction pertaining to Bc → (J/Ψ, ηc) τ ν decays. To analyse the effect of NP
couplings on various observables, we use the most general effective Lagrangian for the b → c l ν
decay processes in the presence of NP that is valid at the renormalization scale µ = mb. We use 2σ
constraint coming from the measured values of the ratio of branching ratios RD and RD∗ to explore
various NP scenarios. Constraint coming from total decay width of Bc meson is also discussed in
details. We, however, do not use the constraint coming from the measured value of PD
∗
τ as the
uncertainty associated with this observable reported by BELLE is rather large.
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Our paper is organised as follows. In section II, we introduce the most general effective La-
grangian for the b→ c l ν transition decays in the presence of NP. The two body Bc → τν and three
body Bc → (J/Ψ, ηc) l ν decay branching ratios are calculated and reported in section II. Various
observables such as ratio of branching ratios, forward backward asymmetries, and the τ polarization
are defined. We report our analysis in section III with a conclusion and summary in section IV.
II. EFFECTIVE WEAK LAGRANGIAN, HELICITY AMPLITUDES, AND OBSERV-
ABLES
A. Effective weak Lagrangian
We employ the effective field theory approach for the computation of various decay branching
fractions in a model independent way. The most general effective weak Lagrangian at energy scale
µ = mb for the b→ c l ν transition decays can be expressed as [87, 88]
Leff = −4GF√
2
Vcb
{
(1 + VL) l¯L γµ νL c¯L γ
µ bL + VR l¯L γµ νL c¯R γ
µ bR + V˜L l¯R γµ νR c¯L γ
µ bL
+V˜R l¯R γµ νR c¯R γ
µ bR + SL l¯R νL c¯R bL + SR l¯R νL c¯L bR + S˜L l¯L νR c¯R bL + S˜R l¯L νR c¯L bR
+TL l¯R σµν νL c¯R σ
µν bL + T˜L l¯L σµν νR c¯L σ
µν bR
}
+ h.c. , (1)
Neglecting the tensor NP couplings and following the same notation as in Ref. [36], the effective
Lagrangian can be expressed as
Leff = −GF√
2
Vcb
{
GV l¯ γµ (1− γ5) νl c¯ γµ b−GA l¯ γµ (1− γ5) νl c¯ γµ γ5 b+GS l¯ (1− γ5) νl c¯ b
−GP l¯ (1− γ5) νl c¯ γ5 b+ G˜V l¯ γµ (1 + γ5) νl c¯ γµ b− G˜A l¯ γµ (1 + γ5) νl c¯ γµ γ5 b
+G˜S l¯ (1 + γ5) νl c¯ b− G˜P l¯ (1 + γ5) νl c¯ γ5 b
}
+ h.c. , (2)
where
GV = 1 + VL + VR , GA = 1 + VL − VR , GS = SL + SR , GP = SL − SR
G˜V = V˜L + V˜R , G˜A = V˜L − V˜R , G˜S = S˜L + S˜R , G˜P = S˜L − S˜R .
Here GF is the Fermi coupling constant and Vcb is the CKM matrix element. The new vector
and scalar NP interactions that involve left handed neutrinos are denoted by VL,R and SL,R NP
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couplings. Similarly for the right handed neutrinos the NP interactions are denoted by V˜L,R and
S˜L,R NP couplings, respectively. All these NP couplings are defined at the renormalization scale
µ = mb. In the SM, all the NP couplings will be zero leading to GV,A = 1, GS,P = 0 and G˜V,A,S,P = 0.
B. Helicity amplitudes and observables
We follow Refs. [89, 90] to calculate the various helicity amplitudes for a Bq meson decaying to
a pseudoscalar or to a vector meson along with a charged lepton and an antineutrino in the final
state. Again, in order to calculate the partial decay width of Bq → lν and differential decay rate
of three body Bq → (P, V )lν decays, we need information on various nonperturbative hadronic
matrix elements which are parameterized in terms of Bq meson decay constants and Bq → (P, V )
transition form factors. We refer to Refs. [36, 84] for a more detailed discussion.
In the presence of NP, the partial decay width of Bq → l ν and differential decay width of
three body Bq → (P, V ) l ν decays, where P (V ) stands for a pseudoscalar(vector) meson, can be
expressed as [36]
Γ(Bq → lν) = G
2
F |Vcb|2
8 π
f 2Bm
2
l mBq
(
1− m
2
l
m2Bq
)2 {[
GA −
m2Bq
ml (mb(µ) +mc(µ))
GP
]2
+
[
G˜A −
m2Bq
ml (mb(µ) +mc(µ))
G˜P
]2}
, (3)
dΓP
dq2
=
8N |−→p P |
3
{
H20
(
G2V + G˜
2
V
) (
1 +
m2l
2 q2
)
+
3m2l
2 q2
[(
HtGV +
√
q2
ml
HS GS
)2
+
(
Ht G˜V +
√
q2
ml
HS G˜S
)2]}
(4)
and
dΓV
dq2
=
8N |−→p V |
3
{
A2AV +
m2l
2 q2
[
A2AV + 3A2tP
]
+ A˜2AV +
m2l
2 q2
[
A˜2AV + 3A˜2tP
]}
, (5)
where
N =
G2F |Vc b|2 q2
256 π3m2Bq
(
1− m
2
l
q2
)2
, H0 =
2mBq |−→p P |√
q2
F+(q
2)
Ht =
m2Bq −m2P√
q2
F0(q
2) , HS =
m2Bq −m2P
mb(µ)−mc(µ) F0(q
2) ,
A2AV = A20G2A +A2‖G2A +A2⊥G2V , A˜2AV = A20 G˜2A +A2‖ G˜2A +A2⊥ G˜2V ,
AtP = AtGA +
√
q2
ml
AP GP , A˜tP = At G˜A +
√
q2
ml
AP G˜P . (6)
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and
A0 = 1
2mV
√
q2
[(
m2Bq −m2V − q2
)
(mBq +mV )A1(q
2) − 4M
2
B|~pV |2
mBq +mV
A2(q
2)
]
,
A‖ = 2(mBq +mV )A1(q
2)√
2
, A⊥ = − 4mBqV (q
2)|~pV |√
2(mBq +mV )
,
At = 2mBq |~pV |A0(q
2)√
q2
, AP = − 2mBq |~pV |A0(q
2)
(mb(µ) +mc(µ))
. (7)
Here |−→p P (V )| =
√
λ(m2Bq , m
2
P (V ), q
2)/2mBq is the three momentum vector of the outgoing meson
and λ(a, b, c) = a2 + b2 + c2 − 2 (a b+ b c+ c a).
We define several observables such as ratio of branching ratios and tau polarization fraction for
various semileptonic b→ c transition decays. Those are
RM =
B(Bq → Mτν)
B(Bq → M lν) , P
M
τ =
ΓM(+)− ΓM(−)
ΓM(+) + ΓM(−) , (8)
where, l is either an electron or a muon and Bq is either a B meson or a Bc meson. Similarly,
M refers to the outgoing pseudoscalar or vector meson. Again, Γ(+) and Γ(−) denote the decay
widths of positive and negative helicity τ lepton, respectively. It is also worth mentioning that, for
Bq → Pτν decays, the tau polarization fraction does not depend on VL,R and V˜L,R NP couplings if
we assume that NP effect is coming from new vector interactions only. We also construct various
q2 dependent observables such as differential branching fractions DBR(q2), the ratio of branching
fractions R(q2), and the forward-backward asymmetry parameter AFB(q2) for the Bc → (ηc, J/Ψ)τν
decays such that
DBR(q2) =
( dΓ
dq2
)
/Γtot , R(q
2) =
DBR(q2)
(
B → (P, V ) τ ν
)
DBR(q2)
(
B → (P, V ) l ν
)
[AFB](P, V )(q
2) =
( ∫ 0
−1−
∫ 1
0
)
d cos θl
dΓ(P, V )
dq2 d cos θl
dΓ(P, V )
dq2
. (9)
In the presence of various NP couplings, the forward backward asymmetry parameter for Bq → P l ν
decays can be written as
AFBP (q
2) =
3m2l
2 q2
H0GV
[(
HtGV +
√
q2
ml
HS GS
)
+
(
Ht G˜V +
√
q2
ml
HS G˜S
) ]
H20 (G
2
V + G˜
2
V )(1 +
m2
l
2 q2
) +
3m2
l
2 q2
[(
HtGV +
√
q2
ml
HS GS
)2
+
(
Ht G˜V +
√
q2
ml
HS G˜S
)2 ] .
(10)
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Similarly, for Bq → V l ν decay mode, the explicit expression for the forward backward asymmetry
parameter is
AFBV (q
2) =
3
2
A‖A⊥
(
GAGV − G˜AG˜V
)
+
m2
l
q2
A0GA
[
AtGA −
√
q2
ml
AP GP +At G˜A −
√
q2
ml
AP G˜P
]
A2AV + m
2
l
2 q2
[
A2AV + 3A2tP
]
+ A˜2AV + m
2
l
2 q2
[
A˜2AV + 3A˜2tP
]
(11)
It is worth mentioning that, although, the forward backward asymmetry parameter does depend
on all the NP couplings for Bq → V τν decays, it, however, does not depend on VL,R and V˜L,R NP
couplings for the Bq → P τν decays if we assume that only vector type NP couplings contribute to
these decay modes. The dependancy gets cancelled in the ratio. The tau polarization fraction and
the forward backward asymmetry parameter can, in principle, provide useful information regarding
the various Lorentz structures of beyond the SM physics. We now proceed to discuss the results of
our analysis.
III. NUMERICAL CALCULATIONS
We first report in Table. II all the relevant input parameters that are used for our numerical
estimates. For the quark, lepton, and meson masses, we use the most recent values reported in
Ref. [61]. Similarly, for the mean lifetime of B− and Bc meson, we use the values reported in
Ref. [61]. We use Ref. [52] for the Bc meson decay constant. The mass and decay constant reported
in Table. II are in GeV units, whereas, the mean lifetime of B− and Bc meson are in seconds. The
uncertainty associated with fBc and Vcb are indicated by the number in parentheses. The errors in
all the other input parameters are unimportant for us and hence not included in the Table. II.
For the Bc → ηc and Bc → J/Ψ hadronic form factors, we follow Ref. [84]. The relevant
formula for F0(q
2), F+(q
2), V (q2), A0(q
2), A1(q
2), and A2(q
2) pertinent for our discussion, taken
from Ref. [84] is
F (q2) = F (0) exp
[
a q2 + b (q2)2
]
, (12)
where F stands for the form factors F0, F+, V , A0, A1, and A2 and a, b are the fitted parameters.
The numerical values of Bc → ηc and Bc → J/Ψ form factors at q2 = 0 and their fitted parameters
a and b, calculated in perturbative QCD (PQCD) approach, collected from Ref. [84], are listed
in Table III. For our numerical analysis, we added the errors in quadrature. We also report the
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mb(mb) 4.18 mJ/Ψ 3.0969 mD∗0 2.00685
mc(mb) 0.91 mηc 2.9834 τB− 1.638 × 10−12
me 0.510998928 × 10−3 mB− 5.27931 τBc 0.507 × 10−12
mµ 0.1056583715 mBc 6.2751 fBc 0.434(0.015)
mτ 1.77682 mD0 1.86483 Vcb 0.0409(0.0011)
TABLE II: Theory input parameters
most important experimental input parameters RD and RD∗ with their uncertainties measured by
BABAR, BELLE, and LHCb in Table. I. We use the average values of RD and RD∗ for our analysis.
In our analysis, we added the statistical and systematic uncertainties in quadrature.
Form factors F0 a b Form factors F0 a b
FBc→ηc0 0.48 ± 0.06 ± 0.01 0.037 0.0007 ABc→J/Ψ0 0.52 ± 0.02± 0.01 0.047 0.0017
FBc→ηc+ 0.48 ± 0.06 ± 0.01 0.055 0.0014 ABc→J/Ψ1 0.46 ± 0.02± 0.01 0.038 0.0015
V Bc→J/Ψ 0.42 ± 0.01 ± 0.01 0.065 0.0015 ABc→J/Ψ2 0.64 ± 0.02± 0.01 0.064 0.0041
TABLE III: Bc → ηc and Bc → J/Ψ form factors at q2 = 0 taken from Ref. [84].
The SM branching ratios, ratio of branching ratios, and the tau polarization fraction for all the
relevant decay modes are presented in Table. IV. Uncertainties in each observable may come from
mainly two different sourses: first it may come from not very well known input parameters such
as CKM matrix elements and second it may come from the hadronic input parameters such as
meson to meson form factors and meson decay constants. To see the effect of above mentioned
uncertainties on various observables, we perform a random scan of all the input parameters such
as CKM matrix element, form factors, and decay constants within 1σ of their central values. The
central values of all the observables obtained using the central values of all the input parameters
and the 1σ range obtained from our random scan are reported in Table. IV.
We wish to determine the NP effect on each observable in a model independent way. We assume
four different NP scenarios. All the NP couplings are assumed to be real for our analysis. Again,
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Observables Central value 1σ range Observables Central value 1σ range
B(Bc → τν)× 102 2.20 [1.95, 2.48] Rηc 0.308 [0.235, 0.429]
B(Bc → ηc lν)× 103 4.85 [3.50, 6.49] RJ/Ψ 0.289 [0.279, 0.301]
B(Bc → ηc τν)× 103 1.49 [1.09, 1.99] P ηcτ 0.345 [0.141, 0.530]
B(Bc → J/Ψ lν)× 103 11.36 [9.44, 13.53] P J/Ψτ −0.465 [−0.433,−0.492]
B(Bc → J/Ψ τν)× 103 3.29 [2.80, 3.83] PDτ 0.336 [0.334, 0.338]
PD
∗
τ −0.505 [−0.475,−0.532]
TABLE IV: SM prediction of various observables
we consider that NP affects the third generation leptons only. The allowed NP parameter space
is obtained by imposing 2σ constraint coming from the measured values of the ratio of branching
ratios RD and RD∗ . This automatically guarantee that the resulting NP parameter space can
simultaneously explain the anomalies persisted in RD and RD∗ . Now we proceed to discuss various
NP scenarios.
A. Scenario I: only VL and VR type NP couplings
In this scenario, we have considered the effect of only VL and VR type NP couplings on various
observables. In the left panel of Fig. 1, we show the allowed range of new vector couplings VL
and VR that satisfies the 2σ experimental constraint coming from RD and RD∗ . The range of each
observable for VL and VR type NP couplings is tabulated in Table. V. We also show in the right
panel of Fig. 1 the allowed ranges of B(Bc → τν) and the tau polarization fraction PD∗τ . We want
to emphasize that the central value of PD
∗
τ reported by BELLE lies outside the allowed range of
PD
∗
τ obtained in this scenario. However, the measured 1σ range of the observable P
D∗
τ does overlap
with the allowed range. Again, the uncertainty associated with the measured value of PD
∗
τ is rather
large. The allowed range of B(Bc → τν) is also compatible with the total decay width of Bc meson.
As expected, the tau polarization fraction pertaining to B → Dτν and Bc → ηcτν decays does not
vary at all as the NP effects coming from VL and VR couplings cancel in the ratios.
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FIG. 1: Allowed ranges of VL and VR NP couplings are shown in the left panel once 2σ constraint coming
from the measured values of the ratio of branching ratios RD and RD∗ is imposed. We show in the right
panel the allowed ranges in B(Bc → τν) and PD∗τ in the presence of these NP couplings.
Observables Range Observables Range Observables Range
B(Bc → τν)× 102 [2.06, 3.32] Rηc [0.240, 0.658] P J/Ψτ [−0.435,−0.491]
B(Bc → ηc τν)× 103 [1.14, 2.97] RJ/Ψ [0.300, 0.413] PDτ [0.334, 0.338]
B(Bc → J/Ψ τν)× 103 [3.12, 5.09] P ηcτ [0.141, 0.530] PD
∗
τ [−0.477,−0.533]
TABLE V: Allowed ranges of various observables in the presence of VL and VR NP couplings
In Fig. 2, we show the effect of VL and VR NP couplings on various observables such as ratio of
branching ratio R(q2), the forward backward asymmetry AFB(q2), and differential branching ratio
DBR(q2) as a function of q2 for the Bc → ηcτν and Bc → J/Ψτν decays. We show in dark (blue)
band the SM range and show in light (green) band the allowed range of each observable once the
NP couplings VL and VR are switched on. We see significant deviation from the SM prediction of
all the observables. The forward backward asymmetry parameter, AFB(q2), does not vary with the
NP couplings VL and VR for the Bc → ηcτν decay mode. It is expected as the NP dependency
cancels in the ratio since Bc → ηcτν decay mode depends on GV couplings only.
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FIG. 2: Range in various q2 dependent observables such as DBR(q2), R(q2), and AFB(q2) for the Bc →
ηcτν (upper panel) and Bc → J/Ψτν (lower panel) decays. The allowed range is each observable is shown
in light (green) band once the NP couplings (VL, VR) are varied within the allowed ranges shown in the
left panel of Fig. 1. We show in dark (blue) band the corresponding SM prediction.
B. Scenario II: only SL and SR type NP couplings
In this scenario, we vary only the new scalar interactions SL and SR while keeping all other
NP couplings to be zero. We restrict the SL and SR parameter space using the 2σ experimental
constraint coming from measured values of RD and RD∗ . The allowed range of SL and SR is shown
in the left panel of Fig. 3. We also show in the right panel of Fig. 3 the allowed ranges of B(Bc → τν)
and PD
∗
τ in this scenario. We see significant deviation of all the observables from the SM expectation
in this scenario. It is also worth mentioning that the tau polarization PD
∗
τ deviates significantly
from the central value reported by BELLE. However, the uncertainty associated with the measured
value of PD
∗
τ is rather large. Again, we notice that, in this scenario, the value of B(Bc → τν) can
exceed the total decay width of Bc meson for some particular values of SL and SR. We note that
only ≤ 5% of the total decay width of Bc meson can be explained by semitaunic decays. However,
this constraint can be relaxed upto 30%. If we assume that B(Bc → τν) can not be greater than
5%, then although SL and SR type NP couplings can explain the anomalies in RD and RD∗ , it,
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FIG. 3: Allowed ranges of SL and SR NP couplings are shown in the left panel once 2σ constraint coming
from the measured values of the ratio of branching ratios RD and RD∗ is imposed. We show in the right
panel the allowed ranges in B(Bc → τν) and PD∗τ in the presence of these NP couplings.
however, can not accommodate B(Bc → τν). Even with 30% constraint, a large part of the NP
parameter space prefered by RD and RD∗ can be excluded. The allowed ranges of each observable
obtained in the presence of SL and SR NP couplings are tabulated in Table. VI.
Observables Range Observables Range Observables Range
B(Bc → τν)× 102 [13.84, 248.94] Rηc [0.213, 0.706] P J/Ψτ [−0.405, 0.117]
B(Bc → ηc τν)× 103 [1.05, 3.02] RJ/Ψ [0.299, 0.486] PDτ [0.301, 0.597]
B(Bc → J/Ψ τν)× 103 [3.08, 5.71] P ηcτ [0.053, 0.714] PD
∗
τ [−0.090,−0.398]
TABLE VI: Allowed ranges of various observables in the presence of SL and SR NP couplings
Now we wish to see the effect of SL and SR NP couplings on various q
2 dependent observables
such as ratio of branching ratio R(q2), forward backward asymmetry AFB(q2), and the differential
branching ratio DBR(q2). The effect of NP couplings on these observables are shown in Fig. 4.
Significant deviation from the SM expectation is observed for all the observables in this scenario.
We see that, in this scenario, all the observables are quite sensitive to the NP couplings forBc → ηcτν
and Bc → J/Ψτν decay modes. We also observe that, although, in the SM there is no zero crossing
in the forward backward asymmetry parameter for the Bc → ηcτν decays; however, depending on
the value of new scalar couplings SL and SR, we might observe a zero crossing for this decay mode.
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FIG. 4: Range in various q2 dependent observables such as DBR(q2), R(q2), and AFB(q2) for the Bc →
ηcτν (upper panel) and Bc → J/Ψτν (lower panel) decays. The allowed range is each observable is shown
in light (green) band once the NP couplings (SL, SR) are varied within the allowed ranges shown in the
left panel of Fig. 3. We show in dark (blue) band the corresponding SM prediction.
C. Scenario III: only V˜L and V˜R type NP couplings
In this scenario, we wish to see the effect of right handed neutrino couplings V˜L and V˜R on various
observables. To realize this we vary only V˜L and V˜R and fix all other NP couplings to zero. The
allowed ranges of V˜L and V˜R obtained by using the 2σ constraint coming from the measured values
of the ratio of branching ratios RD and RD∗ are shown in the left panel of Fig. 5. The effect of V˜L
and V˜R NP couplings on various observables are reported in Table. VII. We also show, in particular,
the effect of V˜L and V˜R on the branching ratio of Bc → τν and the on tau polarization fraction PD∗τ
in the right panel of Fig. 5. Although, very recently BELLE has reported their results on PD
∗
τ , the
error is quite large. More precise data on PD
∗
τ in future will help constraining the NP parameter
space even more. Tau polarization fractions PDτ and P
ηc
τ do not vary at all with these NP couplings.
It is expected since Bc → ηcτν and B → Dτν decays depend only on G˜V and hence the NP effect
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FIG. 5: Allowed ranges of V˜L and V˜R NP couplings are shown in the left panel once 2σ constraint coming
from the measured values of the ratio of branching ratios RD and RD∗ is imposed. We show in the right
panel the allowed ranges in B(Bc → τν) and PD∗τ in the presence of these NP couplings.
gets cancelled in the ratios. Deviation from the SM expectation observed in this scenario is quite
similar to the deviations observed in scenario I of section. IIIA.
Observables Range Observables Range Observables Range
B(Bc → τν)× 102 [2.11, 3.39] Rηc [0.238, 0.690] P J/Ψτ [−0.434,−0.492]
B(Bc → ηc τν)× 103 [1.11, 3.07] RJ/Ψ [0.296, 0.416] PDτ [0.334, 0.338]
B(Bc → J/Ψ τν)× 103 [3.08, 5.19] P ηcτ [0.141, 0.530] PD
∗
τ [−0.474,−0.533]
TABLE VII: Allowed ranges of various observables in the presence of V˜L and V˜R NP couplings
The allowed ranges of various q2 dependent observables such as ratio of branching ratio R(q2),
the forward backward asymmetry AFB(q2), and the differential branching ratio DBR(q2) are shown
in Fig. 6. The SM prediction is shown in dark (blue) band whereas, the effect of NP couplings is
shown in light (green) band. The q2 distribution looks quite similar to what we obtain in scenario
I of section IIIA. Although we see a significant deviation of all the observables in this scenario, the
forward backward asymmetry parameter AFBηc (q
2) for the Bc → ηcτν decay mode does not seem
to vary with the V˜L and V˜R NP couplings. This is obvious because the Bc → ηcτν differential
branching ratio depends only on G˜V and hence the NP effect gets cancelled in the ratio. On the
other hand, Bc → J/Ψτν decay differntial branching ratio depends not only on G˜V but also on G˜A
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FIG. 6: Range in various q2 dependent observables such as DBR(q2), R(q2), and AFB(q2) for the Bc →
ηcτν (upper panel) and Bc → J/Ψτν (lower panel) decays. The allowed range is each observable is shown
in light (green) band once the NP couplings (V˜L, V˜R) are varied within the allowed ranges shown in the
left panel of Fig. 5. We show in dark (blue) band the corresponding SM prediction.
and no such cancellation of the NP effects in the forward backward asymmetry parameter occurs
for this decay mode. Hence we observe a significant deviation of AFBJ/Ψ from the SM expectation.
D. Scenario IV: only S˜L and S˜R type NP couplings
To see the effect of new S˜L and S˜R couplings, associated with right handed neutrino, on various
observables we vary S˜L and S˜R while keeping all other NP couplings to zero. We impose the 2σ
constraint coming from the measured values of the ratio of branching ratios RD and RD∗ and the
resulting allowed ranges of S˜L and S˜R NP couplings are shown in the left panel of Fig. 7. The
decay rate depends on S˜L and S˜R NP couplings quadratically and we obtain a less constrained NP
parameter space. We also show in the right panel of Fig. 7 the allowed ranges of B(Bc → τν) and
the tau polarization fraction PD
∗
τ . The branching ratio of Bc → τν decays obtained in this scenario
is rather large; more than 45%. However, from the total decay width of Bc meson one can infer that
branching ratio of Bc → τν decays should not be more than 5%. Even if we relax the constraint
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FIG. 7: Allowed ranges of S˜L and S˜R NP couplings are shown in the left panel once 2σ constraint coming
from the measured values of the ratio of branching ratios RD and RD∗ is imposed. We show in the right
panel the allowed ranges in B(Bc → τν) and PD∗τ in the presence of these NP couplings.
upto 30%, the S˜L and S˜R NP couplings are ruled out although it can explain the anomalies persisted
in the ratio of branching ratios RD and RD∗ . The allowed ranges of each observable obtained in
this scenario are reported in Table. VIII. All the observables are very sensitive to the new S˜L and
S˜R NP couplings.
Observables Range Observables Range Observables Range
B(Bc → τν)× 102 [45.14, 467.22] Rηc [0.238, 0.696] P J/Ψτ [−0.402, 0.122]
B(Bc → ηc τν)× 103 [1.10, 3.15] RJ/Ψ [0.299, 0.490] PDτ [0.335, 0.596]
B(Bc → J/Ψ τν)× 103 [3.08, 5.79] P ηcτ [0.150, 0.710] PD
∗
τ [−0.092,−0.403]
TABLE VIII: Allowed ranges of various observables in the presence of S˜L and S˜R NP couplings
We wish to see the effect of these NP couplings on various q2 dependent observables for the
Bc → ηcτν and Bc → J/Ψτν decay modes. The allowed ranges of various observables such as R(q2),
AFB(q2), and DBR(q2) are shown in Fig. 8. We see that all the observables deviate significantly
from the SM expectation. Variation in Bc → ηcτν and Bc → J/Ψτν decays, however, are quite
different. This is what we expect because Bc → ηcτν decay branching ratio depends on these NP
couplings through G˜S term, whereas, Bc → J/Ψτν decay branching ratio depend on these NP
couplings through G˜P term. Although the effects of S˜L and S˜R NP couplings are quite similar to
16
 0
 2
 4
 6
 8
 10
 12
 14
 3  4  5  6  7  8  9  10  11
R
η c
(q
2 )
q2(GeV2)
 0
 0.0001
 0.0002
 0.0003
 0.0004
 0.0005
 0.0006
 3  4  5  6  7  8  9  10  11
D
B
R
(q
2 )
q2(GeV2)
 0.05
 0.1
 0.15
 0.2
 0.25
 0.3
 0.35
 0.4
 0.45
 0.5
 3  4  5  6  7  8  9  10  11
A
FB
η c
(q
2 )
q2(GeV2)
 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 3  4  5  6  7  8  9  10
R
J/
Ψ
(q
2 )
q2(GeV2)
 0
 0.0002
 0.0004
 0.0006
 0.0008
 0.001
 0.0012
 0.0014
 3  4  5  6  7  8  9  10  11
D
B
R
(q
2 )
q2(GeV2)
-0.05
 0
 0.05
 0.1
 0.15
 0.2
 0.25
 0.3
 3  4  5  6  7  8  9  10
A
FB
J/
Ψ
(q
2 )
q2(GeV2)
FIG. 8: Range in various q2 dependent observables such as DBR(q2), R(q2), and AFB(q2) for the Bc →
ηcτν (upper panel) and Bc → J/Ψτν (lower panel) decays. The allowed range is each observable is shown
in light (green) band once the NP couplings (S˜L, S˜R) are varied within the allowed ranges shown in the
left panel of Fig. 7. We show in dark (blue) band the corresponding SM prediction.
SL and SR NP couplings of section. III B, there are some differences. Unlike scenario II, we do not
observe any zero crossing in the q2 distribution of the forward backward asymmetry parameter AFBηc
in this scenario.
IV. CONCLUSION
Deviations from the SM prediction have been observed not only in decays mediated via b → c
charged current process but also in decays mediated via b→ s neutral current process. In particular,
the deviation of the measured ratios RD and RD∗ from the SM prediction is more pronounced and
it currently stands at 3.9σ level. Similarly, there are significant deviations from the SM prediction
in b → s l+l− decays as well. The measured ratio RK deviates from the SM prediction by 2.6σ.
Again, various other interesting tensions between the experimental results and SM prediction have
been observed in rare B → K∗µ+µ− and B → φµ+µ− decays. If it persists and confirmed by
future experiments, these could provide the necessary information to unravel the flavor structure of
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beyond the SM physics. Study of Bc → ηcτν and Bc → J/Ψτν decays is interesting because similar
to B → (D, D∗)τν decays, these decays are also mediated via b → c charged current interactions.
Thus if NP is present in B → (D, D∗)τν decays, then it would show up in these decay modes as
well. A detailed study of these decay modes theoretically as well as experimentally is necessary in
order to explore physics beyond the SM. Although, SM prediction of various observables related
to these decay modes has been reported by various authors, NP contribution has not been studied
in details. To see the effect of NP on various observables, we consider the most general effective
Lagrangian in the presence of NP for the b → c l ν process. We assume that NP is present only
for the third generation leptons. We study four different NP scenarios. We summarise our results
below.
We first report the central values and the 1σ ranges of all the observables within the SM. The
branching ratios of Bc → ηcτν and Bc → J/Ψτν decays are at the order of 10−3. Again, we find
the branching ratio of Bc → τν to be of the order of 2%. The values of ratio of branching ratios
Rηc and RJ/Ψ are quite similar to the values reported in Ref. [84]. We also give the first prediction
of the tau polarization fraction P ηcτ and P
J/Ψ
τ for the Bc → ηcτν and Bc → J/Ψτν decay modes.
We include vector-and scalar type NP interactions that involve both right handed as well as left
handed neutrinos in our analysis and explore four different NP scenarios. In the first scenario, we
consider only vector type NP interactions that involve left handed neutrinos. We vary VL and VR
while keeping all other NP couplings to zero. Deviation from the SM expectation is observed for
all the observables. The central value of PD
∗
τ reported by BELLE lies outside the allowed range
of PD
∗
τ obtained in this scenario. However, the uncertainty associated with the measured value of
PD
∗
τ is rather large. More precise data in future on P
D∗
τ will definitely help constraining the NP
parameter space even more. The allowed range of B(Bc → τν) is consistent with the total decay
width of Bc meson. We see no deviation from the SM prediction of tau polarization fraction P
D
τ
and P ηcτ as the NP effects coming from VL and VR couplings cancel in the ratios. We also see the
effect of these NP couplings on various q2 dependent observables. Significant deviation from the
SM expectation is observed once the NP couplings are included. There is, however, no deviation
from the SM prediction of the forward backward asymmetry parameter AFBηc .
In the second scenario, we consider that NP effect is due to the scalar type interactions that
involves left handed neutrinos only, i.e, SL,R 6= 0, whereas all other NP couplings are zero. Sig-
nificant deviation from the SM expectation is observed for all the observables. It is also worth
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mentioning that the tau polarization PD
∗
τ deviates significantly from the central value reported by
BELLE. Again, we notice that, in this scenario, for some particular values of SL and SR, the value
of B(Bc → τν) exceeds the total decay width of Bc meson. However, only less than 5% of the total
decay width of Bc meson can be explained by semi(taunic) mode. Even if we relaxed the constraint
upto 30%, a substantial part of NP parameter space can be excluded. Hence, Bc total decay width
put a severe constraint on SL and SR type NP couplings. We also see the effect of NP couplings
on various q2 dependent observables. The deviation observed in this scenario is more pronounced
than the deviation observed in scenario I.
In the third scenario, we set V˜L,R 6= 0 while keeping all other NP couplings to zero. Similar
to scenario I, we see significant deviation of all the observables from the SM prediction. We want
to mention that, branching ratio of Bc → τν obtained in this scenario is consistent with the
experimentally measured total decay width of Bc meson. Again, although the central value of
PD
∗
τ reported by BELLE lies outside the allowed range obtained, however, the 1σ range of the
experimental value does overlap with the allowed range. More precise data on PD
∗
τ observable
is needed to constrain the NP parameter even further. The deviation in various q2 dependent
observables observed in this scenario is similar to the ones that we observed in scenario I. The
forward backward asymmetry parameter AFBηc does not vary at all as the NP dependency cancels
in the ratio.
In the fourth scenario we consider only S˜L and S˜R type NP couplings. Again, as expected, the
deviations from the SM prediction in this scenario is quite high. We notice that the branching ratio
of Bc → τν decays obtained in this scenario is rather large; more than 45%. However, from the
total decay width of Bc meson one can infer that branching ratio of Bc → τν decays should not be
more than 5%. Even if the constraint is relaxed upto 30%, the S˜L and S˜R NP couplings are ruled
out although it can explain the anomalies persisted in the ratio of branching ratios RD and RD∗ . It
is worth mentioning that, all the observables are very sensitive to the new S˜L and S˜R NP couplings,
similar to scenario II. All the q2 dependent observables are also very sensitive to the new S˜L and
S˜R NP couplings.
In conclusion, we observe that, Bc lifetime put a severe constraint on SL,R and S˜L,R type NP
couplings. More precise calculations of the Bc lifetime and measurements of the branching fractions
of its various decay channels in future should help constrain the NP parameter space even further.
Again, the observable PD
∗
τ has the potential to distinguish between various NP scenarios once more
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precise data is available. At present, however, the experimental uncertainty associated with the tau
polarization fraction PD
∗
τ is rather large. More precise data in future will difinitely help identifying
the nature of NP. Measurement of all the observables for the Bc → ηcτν and Bc → J/Ψτν decay
modes will be crucial to explore the nature of NP patterns.
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